Thermodynamics and kinetics of phospholipid monomer-vesicle interaction.
Resonance energy transfer between acyl chain labeled (7-nitro-2,1,3-benzoxadiazol-4-yl)phosphatidylcholine (NBD-PC) and head group labeled (lissamine rhodamine B sulfonyl)phosphatidylethanolamine (N-Rh-PE) was used to monitor the rate of NBD-PC transfer between two populations of dioleoylphosphatidylcholine (DOPC) vesicles. Equilibration of NBD-PC between DOPC vesicles occurs by the diffusion of soluble monomers through the water phase, which is a first-order process. Conditions were used such that the apparent transfer rate constant is equal to the rate constant for monomer-vesicle dissociation into solution. The partition distribution of NBD-PC between DOPC vesicles and water was determined by measuring the loss of NBD-PC from vesicles into solution following the dilution of small amounts of vesicles in buffer. The acyl chain length and temperature dependence of both the rate and partition measurements were determined, and a free energy diagram for NBD-PC-soluble monomer-vesicle interactions was constructed. The conclusions of this analysis are the following: NBD-PC dissociation from and association with the bilayer require passage through a high-energy transition state resulting predominantly from enthalpic energy. The activation energy for NBD-PC-vesicle dissociation becomes more positive and the standard free energy of NBD-PC transfer from water to vesicles becomes more negative with increasing acyl chain length. The standard free energy of transfer for NBD-PC from water to vesicles results predominantly from differences in enthalpy between the membrane and water phases. The enthalpy of activation for association increases with acyl chain length and is larger than expected for an aqueous diffusion-limited process in bulk water.